Abstract: Sodium ascorbate has recently been suggested to compensate decreased bond strength of composite resin to bleached tooth surfaces. The aim of present study was to evaluate the effect of 10% sodium ascorbate on bleached bovine enamel morphology and microhardness considering the possibility of its effect on enamel surface characteristics. A total of 69 bovine enamel slabs were prepared and mounted in acrylic resin. Subsequent to polishing, they were randomly divided into 3 groups of 23 specimens each; 3 for Scanning Electron Microscopy (SEM) analysis and 20 for hardness test. In group 1 the specimens were immersed in distilled water as control group; in group 2 the specimens were bleached with 35% carbamide peroxide for 30 min a week for 3 consecutive weeks; and in group 3 the specimens were exposed to 10% sodium ascorbate for 30 min subsequent to bleaching similar to group 1. After 3 weeks Vickers hardness of the specimens was measured at 3 points with equal distances from each other under a force of 50 g. The mean of the hardness values of each specimen was calculated and data was analyzed by one-way ANOVA (P < 0.05). The highest and lowest microhardness values were observed in group 1 and group 2, respectively. However, there were no statistically significant differences in microhardness between the groups (P = 0.12). The use of 35% carbamide peroxide alone or with 10% sodium ascorbate does not affect bovine enamel hardness. SEM analysis showed a network of sodium ascorbate adsorbed to the bleached enamel surface.
INTRODUCTION
With an increase in the demand for esthetics, vital bleaching has become a popular conservative treatment modality for discolored teeth, and bleaching agents with varying concentrations have been introduced to achieve rapid esthetic results [1] . Vital bleaching technique is divided into in-office and at-home procedures carried out by the dental practitioner and the patient, respectively [2] . High concentrations of oxidizing agents such as 35-37% carbamide peroxide and 30-35% hydrogen peroxide for use in the office [3] , and low concentrations such as 3-7% hydrogen peroxide and 10-20% carbamide peroxide for use at home by the patient are available [4] , with advantages and disadvantages for each agent. Some of the advantages of the in-office technique are that everything is under the control of the practitioner, soft tissues are properly protected, and the procedure will yield good results in a short period of time [5] . Despite the effect of above-mentioned factors on tooth bleaching, complications such as pulp irritation, tooth structure alterations, microleakage of restorations, and reduced bond strength of composite resin to tooth structure might arise. Some studies have reported changes in enamel, including increased porosity and an over-etched appearance along with loss of prismatic enamel structure, calcium loss, reduced microhardness, and changes in the organic component of enamel [6, 7] . One of the most important complications of the use of bleaching agents is decreased composite resin bond strength to enamel immediately after bleaching procedure [6, 8] . Some studies have attributed this decreased bond strength to the presence of oxygen ions [9] [10] [11] . Therefore, some techniques have been proposed to modify the clinical complications related to decreased bond strength subsequent to bleaching. The most common technique is a delay of one to three weeks after the bleaching process [6, 8] . Some other studies have demonstrated that reduced bond strength can be reversed by the use of antioxidants such as sodium ascorbate [6, 8, 10, 11] . Therefore, restorative procedures are possible immediately after bleaching, which shortens the overall time needed for esthetic procedures.
On the other hand, some studies have attributed the decreased bond strength to the softening of tooth structure subsequent to bleaching [12] [13] [14] . Sodium ascorbate is a derivative of ascorbic acid with a neutral pH. The use of ascorbic acid as an antioxidant has not been recommended after bleaching because of its acidity [8] . Besides SEM images have demonstrated an etched appearance on enamel surfaces after ascorbic acid use in bleached enamel specimens [9] .
The aim of the present study was to evaluate the effect of 10% sodium ascorbate on surface characteristics of bleached enamel, including surface morphology and microhardness.
MATERIALS AND METHODS
In this in vitro study sixty nine sound bovine incisors were collected and immersed in 2% chloramine T solution for disinfection at 4 ºC immediately after extraction. All the tooth surfaces were examined for any softness, scratches, or any other defects using a dental explorer and under a stereomicroscope (Nikon SMZ 1000; Tokyo, Japan). Then the crowns of the teeth were separated at CEJ (cemento-enamel junction) using a diamond disk. Sixty enamel slabs measuring 3 3 2 mm were prepared from the crowns of the teeth using a two-sided diamond disk (Brasseler Savannah, USA) under water spray. Then the enamel specimens were mounted in self-curing acrylic resin and polished using Soflex disks (3M ESPE, MN, USA) under water spray to produce flat surfaces for microhardness measurement procedure. The specimens were then randomly divided into 3 groups of 23 specimens each.
In group 1 (control group), the specimens were kept in distilled water at 37 ºC for three weeks. The distilled water was changed everyday.
In group 2, the surface of enamel specimens was exposed to a predetermined volume (0.01 mL) of the bleaching agent containing 35% carbamide peroxide (Opalescence Quick; Ultradent, South Jordan, USA) for 30 min a week for 3 consecutive weeks. During the intervening period after rinsing the bleaching agent under running water for one minute, the specimens were kept in distilled water at 37 ºC.
In group 3, subsequent to the application of 35% carbamide peroxide similar to group 2, the surface of the enamel specimens was exposed to 10% sodium ascorbate for 30 min. During this exposure the solution on the enamel surface was agitated every 10 min using a sterile brush. After the application of sodium ascorbate, the enamel surfaces were thoroughly rinsed under running water for 30 s and then kept in distilled water at 37 ºC.
Prior to microhardness measurement, three specimens were randomly selected from each group for surface morphology evaluation under a Scanning Electron Microscope (TESCAN VEGA; USA) at magnification 5000. Then Vickers hardness was measured for the remained specimens of the groups using Shimadzu hmv-2000 (Shimadzu, Tokyo, Japan) at room temperature under 50 g force for 15 s. Three measurements were made with three indentations at equal distances from each other on the flat surface of each specimen. Microhardness means were calculated for each specimen and data was analyzed using one-way ANOVA at a significance level of P < 0.05.
RESULTS
The results of Vickers hardness measurements in the study groups are presented in Table 1 . The highest and lowest microhardness values were recorded in groups 1 and 2; respectively.
One-way ANOVA analysis did not demonstrate any significant differences in the means of microhardness values between the three groups (P = 0.12). SEM images showed that 35% carbamide peroxide had made surface topographic changes compared to normal enamel surface (Fig. 1A and  1B) . In addition, a complex network was observed on the bleached enamel subsequent to the use of 10% sodium ascorbate (Fig. 1C) .
DISCUSSION
Enamel surface microhardness measurements are used to evaluate changes related to the mineral content of enamel. This method has been repeatedly used to evaluate the effect of bleaching agents on tooth structure and restorative materials [12] [13] [14] [15] [16] . Regarding the scarcity of human enamel and similarities between human and bovine enamel [17] , bovine 
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The Open Dentistry Journal, 2010, Volume 4 209 enamel was used as an alternative to human enamel in the present study to evaluate the effect of 35% carbamide peroxide alone and in conjunction with 10% sodium ascorbate on enamel microhardness. The results of this study indicated that 35% carbamide peroxide reduces enamel surface microhardness, however the differences were not statistically significant. Some studies have not reported any changes in enamel surface microhardness subsequent to the use of bleaching agents [15, [18] [19] [20] [21] [22] . In a study carried out by Rodrigues et al. the concomitant use of in-office and at-home bleaching agents did not result in any changes in enamel surface microhardness [23] ; however, Lee et al. demonstrated decreases in enamel surface microhardness subsequent to the use of in-office bleaching agents [24] . Lewinstein et al. [25] and Ferreira et al. [26] reported a marked decrease in enamel surface microhardness subsequent to the use of in-office bleaching agents. Soldani et al. reported a reduction in microhardness of enamel after bleaching, clinically [27] .
The effect of bleaching agent is directly related to exposure time and concentration of the active ingredient; with an increase in exposure time and concentration of bleaching agent the oxidation process will be stronger and as a result, the effect and complications will be greater [28, 29] . The most common complication is weakening of enamel structure due to oxidation of organic and inorganic components and dissolution of enamel matrix [16, 24, [30] [31] [32] , leading to loss of enamel mineral content [23, 33] . McGuckin et al. demonstrated the deposition of a non-specific layer on bleached enamel surfaces using electron microscopy [31] . Zalkind et al. demonstrated that the majority of bleaching agents can produce morphologic changes on enamel surface [2] . Results of another study revealed that bleaching with carbamide peroxide over short periods of time caused nanomorphological alterations of the enamel surface, whereas prolonged exposure resulted in micromorphological changes [34] . In the present study no significant changes were observed in enamel surface microhardness despite topographic changes and loss of the typical prismatic appearance of enamel. Enamel rods in unbleached enamel can be seen with keyhole appearance in transverse section (Fig. 1A) . Each rod is composed of a rounded head (body) section and a tail section [35] . Crater-like appearance in this figure may be due to pH of distilled water that was used as storage media [36] . In enamel specimens bleached with 35% carbamide peroxide, the enamel rods have lost their integrity and an erosion-like pattern with increased porosities can be seen (Fig. 1B) . In a study by Cavalli et al., similar structural changes in enamel has been reported [3] . Since the influence of time is greater in higher concentrations of bleaching agents [7, 37] , it seems that short period of the contact of the bleaching agent with enamel in the present study (30 minutes a week) is probably the main factor in lack of changes in bleached enamel microhardness. In a similar study Shannon did not report any changes in surface microhardness despite topographic changes [38] . It is conceivable that the Vickers diamond penetrates into deep enamel layers, which were not affected by the bleaching agent [39] . This might have caused the similar results in the different groups in our study.
Despite an increase in surface microhardness, in the present study no statistically significant differences were observed when 10% sodium ascorbate was used subsequent to bleaching the specimens with 35% carbamide peroxide. Sodium ascorbate has drawn a lot of attention in dentistry because of its reducing capacity and its ability to increase the strength of the adhesive bond to bleached enamel [40, 41] . Sodium ascorbate is oxidized to dehydroxyascorbate in two phases after contacting with surface nascent oxygen molecules. Electrochemical studies and topographical techniques have revealed that sodium ascorbate is adsorbed to flat polymer surfaces and hydroxyapatite crystals [42, 43] , which is consistent with SEM images of the present study (Fig.  1C) . The observed effect in the present work should be attributed to the potential and strong fouling effect of dehydroascorbate, formed by contacting of ascorbic acid with carbamide peroxide [44] . It is possible that minor increase in surface microhardness subsequent the use of 10% sodium ascorbate is related to enamel surface adsorption of this agent. Although the results of the present study did not demonstrate detrimental effects of 35% carbamide peroxide or marked compensatory effects of 10% sodium ascorbate, it should be pointed out that extending the results of the present study to other bleaching systems is difficult due to the diversity of the products available and variations in their chemical composition. It is suggested that the effect of various bleaching agents with different concentrations and chemical compositions along with various concentrations of the solution and gel forms of sodium ascorbate on enamel microhardness be evaluated in order to reach a definitive conclusion. It is also suggested that other surface characteristics of bleached enamel, including surface roughness, Ca/P ratio, the longevity of the results subsequent to bleaching, and re-staining of the teeth be evaluated in the long term following the use of sodium ascorbate.
CONCLUSIONS
Considering the limitations of the present study it can be concluded that the use of 35% carbamide peroxide alone or in conjunction with 10% sodium ascorbate does not have any detrimental effect on bovine enamel microhardness. Regarding the surface topography, SEM analysis showed a network of sodium ascorbate adsorbed to the bleached bovine enamel surface and a lost integrity of enamel rods due to bleaching process.
